The replication region of a 28-kilobase-pair (kbp ) cryptic plasmid from Lactococcus lactis subsp. lactis biovar diacetylactis SSD207 was cloned in L. lactis subsp. lactis MG1614 by using the chloramphenicol resistance gene from the streptococcal plasmid pGB301 as a selectable marker. The resulting 8.1-kbp plasmid, designated pVS34, was characterized further with respect to host range, potential cloning sites, and location of replication gene(s). In addition to lactococci, pVS34 transformed LactobaciUus plantarum and, at a very low frequency, Staphylococcus aureus but not Escherichia coli or BaciUlus subilis. The 4.1-kbp ClaI fragment representing lactococcal DNA in pVS34 contained unique restriction sites for HindIll, EcoRI, XhoH, and Hpall, of which the last three could be used for molecular cloning. A region necessary for replication was located within a 2.5-kbp fragment flanked by the EcoRI and ClaI restriction sites. A 3.8-kbp EcoRI fragment derived from a nisin resistance plasmid, pSF01, was cloned into the EcoRI site of pVS34 to obtain a nisin-chloramphenicol double-resistance plasmid, pVS39. From this plasmid, the streptococcal chloramphenicol resistance region was subsequently eliminated. The resulting plasmid, pVS40, contains only lactococcal DNA. Potential uses for this type of a nisin resistance plasmid are discussed.
Lactococcal dairy starter strains contain a wide variety of plasmids with sizes ranging from about 2 kilobase pairs (kbp) to more than 80 kbp. Large plasmids are often associated with such phenotypes as lactose fermentation, proteolysis, conjugation, slime formation, bacteriophage resistance, etc.
(for a review, see reference 24) . The majority of the lactococcal plasmids, however, are cryptic. Small cryptic plasmids, such as pWV01 and pSH71, have been used by several research groups for vector construction by marking them with antibiotic resistance genes derived from plasmids of other gram-positive bacteria (7, 12, 19, 28, 32) .
The lactococcal cloning vectors constructed so far share an ability to replicate in a wide range of bacterial hosts, such as Escherichia coli, Bacillus subtilis, Staphylococcus aureus, and some lactobacilli (8, 12, 19, 28) . Although this property is very useful for research purposes, it may be unacceptable for food-grade vectors aimed at genetic manipulation of actual dairy starter strains. It would be undesirable if a recombinant plasmid were to spread into other genera of bacteria in the dairy or farm environment or in the digestive tracts of humans or domestic animals.
Lactococcus lactis subsp. lactis biovar diacetylactis SSD207, isolated from a dairy starter culture, shows in gel electrophoresis at least 12 plasmid bands ranging in size from 2 to more than 30 kbp (29) . No attempt has been made to identify the covalently closed, relaxed circular, and multimeric forms of different plasmids. In hybridization experiments (unpublished observation), none of the SSD207 plasmids hybridized with pVS2, a typical broad-host-range * Corresponding author. vector based on a 2.1-kbp lactococcal plasmid, pSH71 (11) . We therefore screened this strain for plasmid replication functions with a limited capacity to function outside the lactic acid bacteria. In this report, we describe the isolation and properties of one such replication determinant and its use for cloning nisin resistance.
Nisin resistance was chosen for cloning experiments because of its potential use as a primary selection marker in lactococcal transformations. Nisin is a polypeptide antibiotic of 34 amino acids and is produced by several strains of L. lactis subsp. lactis (16, 17) . Several groups have studied the genetics of both nisin resistance and production and have attempted selection for nisin resistance in experiments in lactococci. Nisin resistance, nisin production, and sucrose fermentation appear often to be linked, and genetic evidence suggests involvement of a plasmid or plasmids in these phenotypes. However, the physical isolation of a single sucrose fermentation and nisin production and resistance plasmid has not so far succeeded (13, 26) . On the other hand, a 64-kbp plasmid was isolated which coded for both lactose fermentation and nisin resistance (18) , but transconjugants could not be selected with the nisin resistance marker (18) . Linkage between nisin resistance and bacteriophage resistance has been firmly established by McKay and Baldwin (25) , who demonstrated that a 64-kbp plasmid, pNP40, was responsible for the observed phenotypes. Subsequently, Froseth et al. (10) located the replication region and nisin resistance determinant of pNP40 within a 7.6-kbp EcoRI fragment which could be established as an independent replicon. It was concluded that this nisin resistance determinant could be useful as a secondary selection marker.
In the present study, the nisin resistance marker was derived from the nisin-producing L. lactis subsp. lactis
obtained from the Danish Government Research
Institute for Dairy Industry. The strain was known because of its high resistance to nisin, but no genetic studies on this phenotype had so far been performed. Transformation. L. lactis subsp. lactis MG1614 and LM0230 protoplasts were transformed as described previously (30) . The method of Mandel and Higa (21) was used to transform E. coli AB259. Chloramphenicol (5 ,ug/ml) and erythromycin (2.5 jxg/ml) were used as the selection agents with the lactococci, and chloramphenicol, either alone or together with ampicillin (at concentrations of 5 and 50 ,ug/ml, respectively), was used for E. coli. The nisin resistance phenotype of chloramphenicol-resistant MG1614 transformants was checked on agar containing 500 IU of nisin per ml. The use of nisin for primary selection is described in a separate section.
Competent cells of B. subtilis were transformed by the method of Boylan et al. (5) . Chloramphenicol (5 ,ug/ml) was used for selection. To check the effects of multimeric forms of plasmids on the transformation frequencies, plasmids were linearized with suitable restriction enzymes (HindIII for pVS2 and EcoRI for pVS34) and religated before transformation in some experiments, using untreated plasmids as controls.
L. plantarum and S. aureus were transformed by electroporation. A Calif.). The capacitance was 25 puF and the voltage was either 2 kV (L. plantarum) or 2.5 kV (S. aureus). The cuvette was connected in parallel to a 1,000-fl (L. plantarum) or 600-Ql (S. aureus) resistor (Bio-Rad Pulse Controller). The cells were then kept in ice for 2 min, suspended in 10 ml of prewarmed culture broth, incubated for 1 to 2 h, and harvested by centrifugation of 9 ml at room temperature, the pellet being resuspended in the remaining 1 ml. The suspension was spread on selection plates containing either 10 ,ug (for L. plantarum) or 5 ,ug (for S. aureus) of chloramphenicol per ml. L. plantarum plates were incubated anaerobically at 30°C for 48 h, while aerobic conditions and 37°C for 24 to 48 h were applied to S. aureus.
In some experiments, electroporation was also applied to L. lactis subsp. lactis MG1614. The procedure was the same as described above with the following modifications. The growth medium contained 0.5 M sucrose and 1% glycine. The final cell suspension was 0.02 culture volume, and 100 ,ul was used for the electroporation mixture. The voltage was 2 kV, and the resistor setting was 400 fl. The selection media were the same as for protoplast transformation.
Use of nisin for primary selection. Nisin was used for direct selection of lactococcal transformants in both protoplast transformations and electroporation experiments. Early experiments employed protoplast transformation, for which selection was on plates containing 100 IU of nisin per ml. Later on, electroporation was used, and here selection was on 7 IU/ml. In all cases, nisin solutions were added to the melted agar media immediately before the plates were poured. Practically no spontaneous nisin-resistant colonies were observed on control plates. Molecular cloning. Restriction enzymes and T4 DNA ligase were purchased from New England Bio-Labs, Inc. (Beverly, Mass.) and used according to the instructions of the supplier. The general procedures for DNA manipulation were essentially those recommended by Maniatis et al. (22) .
Plasmid elimination. Novobiocin gradient plates were used for plasmid elimination as described previously (31) .
Southern hybridization. Two nonradioactive DNAlabeling methods were applied. The DNA Labeling and Detection Kit (Boehringer Mannheim GmbH, Penzberg, Federal Republic of Germany) based on random-primed DNA synthesis and digoxigenin-labeled dUTP was used according to the instructions of the manufacturer. DNA transfer was performed as described by Maniatis et al. (22) The restriction map of this plasmid is presented in Fig. 1A . In DNA-DNA hybridization experiments, the 4.1-kbp ClaI fragment of pVS34 (containing the replication functions) hybridized with the approximately 28-kbp plasmid of SSD207 (Fig. 2) containing a single 46-kbp plasmid was obtained. This plasmid, designated pSFO1, was associated with nisin resistance, lactose fermentation, and proteinase activity but not with nisin production or sucrose fermentation. To subclone the nisin resistance determinant, pSFO1 was digested with HindIII and the resulting fragments were mixed and ligated with HindIII-digested pVS2 DNA. Transformation of MG1614 with this ligation mixture produced 28 nisin-resistant transformants per 0.4 ,ug of pSFOl DNA in the ligation mixture. Twenty-six of the transformants were found to be also resistant to chloramphenicol and erythromycin. Plasmid DNA was isolated from eight transformants showing the expected phenotype, all of them containing, among others, a 7.5-kbp insert in pVS2. From one clone with this insert only, the plasmid was transformed into LM0230 and designated pSW211 (Fig. 3A) . To reduce the size of the insert containing the nisin resistance determinant, the 3.8-kbp EcoRI fragment of pSW211 was isolated and subcloned with pGKV10 as a vector. The resulting construct, designated pSW221 (Fig.  3B ), conveyed to both MG1614 and LM0230 a nisin resistance phenotype identical to that coded by pSW211.
The origin of the 3.8-kbp EcoRI fragment was confirmed by hybridization experiments. A probe prepared from this fragment hybridized both with the 7.5-kbp HindlIl fragment and with the original pSFO1 (Fig. 4) .
Cloning of nisin resistance on pVS34. The 3.8-kbp EcoRI fragment of pSW211 was ligated to the single EcoRI site of pVS34. MG1614 protoplasts were transformed with this ligation mixture with selection for chloramphenicol resistance. Transformants were tested for nisin resistance and analyzed for plasmid content. The restriction map of one of the nisin-chloramphenicol double-resistance plasmids, denoted pVS39, is shown in Fig. 1B .
Excision of streptococcal chloramphenicol resistance gene from pVS39. To construct a nisin resistance plasmid containing only lactococcal DNA, pVS39 was digested with ClaI, 3 4 (7, 8, 12) , including pVS2 (32), which was used as the reference plasmid in the transformation experiments in the present study. The replication of pSH71 occurs via the so-called rolling circle mechanism, and the plus origin of this plasmid resembles that of the staphylococcal plasmid pE194 (14) . As This study describes the family of plasmids pVS34, pVS39, and pVS40, all of which have a replication region derived from L. lactis subsp. lactis biovar diacetylactis SSD207. At least some function essential for replication is located within a 2.5-kbp fragment. In contrast to lactococcal vectors based on pSH71 or pWV01, the replication region described here derives from a large plasmid and does not allow transformation of E. coli or B. subtilis (Table 2 ). These differences in size and host range may reflect a mechanism of replication other than the rolling circle pathway characteristic of many of the small plasmids in gram-positive bacteria.
Plasmid pVS40 differs from the rest of the constructions described here in that it contains only lactococcal plasmid DNA. As the selectable marker it carries the nisin resistance determinant of L. lactis subsp. lactis 10.084. Although the transformant yields are lower than those obtained with pSW211, primary selection of pVS40 with nisin is fully possible ( Table 3 (10) . Further research is needed to determine whether the successful primary selection for nisin resistance reported here depends on the particular nisin resistance determinant isolated or on the plasmid vehicle and selection conditions used. The unique XhoII site in pVS40 has been used successfully in cloning the lactose fermentation genes on the BclI B fragment of a derivative of the lactococcal plasmid pLP712 (unpublished data). These first experiments with a narrow-host-range lactococcal replicon and a lactococcal primary selection marker justify further screening of lactococcal plasmid replication regions that have different effects on plasmid copy number, host range, incompatibility, and mobilization. By subsequently joining such fragments to the nisin resistance marker or some other ethically acceptable selectable gene, a series of cloning vectors useful in the food industry may be generated.
